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(57) Abstract: 

PROBLEM TO BE SOLVED: To improve adhesion of the 
thin film to a substrate, or the like by forming a 
gradient structure of the thin film, such that the 
(sp 2 bonds)/(sp 3 bonds) ratio (sp 2 /sp 3 ratio) values of 
constituent carbon atoms of the thin film are gradually 
decreased in the direction from the substrate side to 
the surface side of the thin film. 

SOLUTION: Generally, the sp 2 bonds of carbon atoms 
exist in graphite and the sp 3 bonds of carbon atoms exist 
in a diamond and also, the sp 2 and sp 2 bonds of carbon 
atoms coexist in diamond-like carbon. In this thin film, 
the sp 2 /sp 3 ratio of the constituent carbon atoms is 



changed so as to be decreased in the thickness 
direction, to improve adhesion of the thin film to a 
substrate the like. The sp 2 /sp 3 ratio preferably includes 
values in the range of 0 to 3. That is, such a state 
that in the surface of the thin film, no sp 2 bond exists and 
only the sp 3 bonds exist, is included and at this time, 
the surface of the thin film has high film hardness and 
large internal stress. Also, on the substrate side of 
the thin film, the sp 2 bonds are increased to reduce the 
internal stress and to improve the adhesion to the 
substrate. This hard carbon thin film is preferably 
formed by a plasma CVD (chemical vapor deposition) 
method, while e.g. changing the kinetic energy of ion 
species in a plasma so as to change the sp 2 /sp 3 ratio 
with film formation time. 
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O-'TorrCIMtl,. ifcfc, 75X7^1141*1 
t;;Ar#x£2. 5X 1 0" 4 To r r . CH, 
3. OxlO"'Torrt^l.J:^:MU. 75X 
•?$L£Ml 4rttCAraVCH 4 <DX 7 X"? 
-5>. 

[ 0 0 5 4 ] ftC X'J y K 1 9 tcEPflirt&flnj&Bffi 

01 seriate. jauw$iao~4#<3ia2ic 

V, J&)«li#B4-8#c7)fSU kV, j£RB*IB]8— 1 2# 
C0I32 0 0 V. fiitM^l 2—1 6#<0III1 kV, )$I 

B#r H i 1 6 ~ 2 o ^ra 2kvfc^sj:3 tcaiBWki^fl: 

2 tfx<?>mxm.Z\ HI 6tc*-fJ:3lc, 
4 #C0Pal 0, UMai 4~8^H2. 5xlO- 3 To 
r r. BgJR^ria8— 1 2^0r B 15. OxlO" 3 Tor 
r, fi^)KB#^l 2-1 6^WaT2. 5xlO" 3 Tor 
r . AIRI^IBI 16 — 20 ft<0ffl Oktc&Xo (cSPBW t 

[0055] IjLhOj; 3 (cLTtt4>^fffltfSKWR«) 
SaBM«fKfcWeLfc4:i*7 0 0 0HvT*ofc. 
4fc, S^IB!<?3«®HS (Rmax) SrfflSH-C «k 088 
KL^j:^^. 2 0ATS>0. §*?^-C¥jf 5*BB«r* 
•f&Z.bWfofr'otz. 

[0056] ±IBHSfi<?!T«, E C R77X7C V D}£ 

tfRF75X7CVD mz X 0 flEKKSKWR t T 

[0057] JbiB*»WK*5V^Tii, X'J -x F«Mt 

at/3i«iaK«rSHk t= J: 0, S 

P 2 /SP 3 J:t5:)Kff^"l^ i ]^^-^li$^i•Tv^i,*^ ^-ofti! 
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s p 2 /spa tt&mmijfoizgMtzit&ztwc 

OSP 2 /SP 3 ttMWfc3tfTiJ:V*. 
[0058] ±IBHS6<?iJT«, S«t LTHlteE8ISI» 

^»a5p a pTS> & / <- > Sr m v •> £ #* , z\tiiz m%. 

[0059] 4fc . JLieHJfe^J-Cti, Jg»gK<&i: LX . 
Ib&JgljlSPlOjf Lfc#. JBMl»iBi^>»Wi 

(Ti.AI.Zr.Si.W. Mo«0BMfcft, S-ft 
[00 60] 

[0H^f§i#&l& B .fl] 

[01 ] #?&HJ!cDm<7>^fflt=t£3— ^Sfe^^^Brffl 

[02 ] 01 iz7jk~rmmmeowm&immmiziiVh®B 
jiS]<osp ! /sp 3 Jto^-fb^^S. 

[03 ] *%fflCDm2<7)J%miZV£o— $0feM*7FtWM 
0. 

[04] B3tC^T^^"S*#^!»fc**t*6*W 
J-|6|<r)SP 2 /SP 3 Jt<9~SMfc£~nt-0. 
[05 ] ^BBco^Sco^Hic^oHM^J^W^?* 

miz&tt&mmntnnspz /sp 3 jt^-snt&^-f 
0. 

[06 ] ^m^mA^mm^zudmmmcomMmmm 
miztiiihmmiTftwsp* /sp 3 jto-sHtsr^-r 



0. 

[07] o J^J«t- 4 £ t A*T 

0. 

[08] ^SPJJtefeS^fflKJfett-a^U •/ vizmxtt 
[09] 3 USSWteiJ It 4 (c« A-T 4 

[010] ^Bjttie^safcMttJtti^'j -v HtcQAi 

[011] *«^Kifl!3SOfiffi{=*itt4RlE*t=5»A-r 
[012] *»HBKfi£55Ofi0ICtJtt&»R«aKW«]R 

[014] *^^dHJfi^K=fctt?»RC-^^A'r 

[01 63 2)E%Bfltfi!9ll^fi?iJ(:tJttSRJi5^tc#A't 
4 r> SWt Sr ^0 . 

2, 3"«*ig?S^ 

3 a~3 e -««««WKS:»«-r*« 

1 0-fflK 

1 i...7-f?n»«tt^S 
1 2- 
1 3- 
1 4- 
1 5- 
1 6- 
1 7- 
1 8- 
1 9- 
20- 



•tfXziA^ 



[01 ] 



[02] 



[03] 





3e-*f 
3d-* 
3c- 

3tr+- 
3a' 
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